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ABSTRACT

This report presents the results of an experimental serodynamic investigation
of the Grummen Aerospace Corporation H-33 Space Orbiter. The purpose of the
investigetion was to determine stetic aerodynamic characteristics of the
orbiter at a Mach number of 0.17. These deta were determined by employing

a 1/25 scale model of the orbiter for pitch and yaw variatiéns of -l degrees
to 24 degrees and -15 degrees to 15 degrees, réspectively. This Investigation
was conduéted in the Grumman Aerospace Corporation 7 - by - 10 Foot Wind Tun-

nel.
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SUMMARY

Presented herein are the results of an experimental static serodynsmic
investigation of the Grummsn Aerospace H-33 Space Orbiter configuration.
The purpose of the Investigation was to determine basic subsonic saero-
dynamic characteristics for pitch end yaw varistions of -4 degrees to
24 degrees and -15 degreeé to 15 degrees, respectively, for freestream
Mach number of 0.17. Primary test parameters included a basic component
bulldup, and effects on the basic aserodynamics due to elevon and rudder
deflections. Also investigated were the effects of the rudder speed
brake at flare angles of O degrees, -ld degrees, and -15 degrees along

with top rudder panel variations.



TABLE I. SADSAC NOMENCLATURE OF AERODYNAMIC CdEFFICIENTS

SADSAC NOMENCLATURD

COEFFICIENT COEFFICIENT NAME _
: BODY AXIS | STABILITY AXIS | WIND AXIS

Ca Total Axial Force CA - -
Cap ~ Base Axial Force CAB - -
CAF Forebody Axial Force CAF - -
Cp Total Drag -Force - CD CDTOTL
CDp Base Drag Force - CDB CDBASE
Cpp Forebody Drag Force - CDF CDFORE
cL Lift Force - CL CL.
CN Normal Force - CN - -
Cy Side Force CY. CcY CcC
cy Rolling Moinent CBL CSL CWL
Cnm Pitching Moment CLM CLM CPM
Cah Yawing Moment CYN CLN CLN
L/D. 1. t-To-Drag Force Ratio - . L/D CL/CD
L/D Lift-To-Forebody Drag Force Ratio - L/DF". CL/CDF
N/A Normal-To-Axial Force Ratio N/A - -
N/A Normal-To-Forebody Axial Force Ratio CN/CAF - -




CONFIGURATIONS INVESTIGATED

Tests were conducted on the 1/25 Scale Grummen Orbiter Configuration
H-33 without external tanks as shown in Figures 2 snd 3. The delts

wing (Wh4) hed edjusteble elevons and the verticel teil (Vs) hed upper
aﬁd lower ruddér segments. The lower segments were capable of splitting

into & "V" section to form a speed brake while functioning as e rudder.

Base pressures were teken at 10 locetions on the model. Boundary layer
transition was fixed by the use of strips of pinked electrician's tape
(0.007 thick) lbcated 1.5 in. stresmwise aft of the fuselage nose and

0.75 in. afﬁ of the ieading edges of the wing end tail surfaces.
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TEST FACILITY DESCRIPTION

This 1s & continuous flow, opeh circult, closed throast tunnel. The test
section 1s 7 feet by 10 feet by 20 feet. A 12-foot dismeter propeller 1s

driven st SPeeds up to 1200 rpm by a 1750 HP induction electric motor..

PERFORMANCE PARAMETERS :

Speed Range (mph): 134 maximum
Reynolds Number (x 106/ft): 1.7 meximum
Operating Pressure: Atmospheric
Dyﬁamic Pressure (psf): L6 maximum
Stagnation Temperature: Ambient
Power (HP): 1750

TESTING CAPABILITIES:

The GAC Low Speed Wind Tunnel is equipped for Aerodynamlc force and pressure

testing on 3-dimensionel, 2-dimensional, and reflection plane models. Capa-

bility also exists for conducting powered model, flutter, jet flap, flow vis-

ualization, and weke survey tests.

A varisble frequency power unit heving a renge from O to 660 HZ, and a maxi-
mum output of 100 KW is evailsble for the 3 phase induction métors used in

powered models.

Available model supports include: two and three point supports, a single mount

with fixed linkages for setting model pitch attitude, wire supports, and a



TEST FACILITY DESCRIPTION (Continued)

pedestal mount for half model tests. Speclal installations can be provided
to sting support models. Imege systems are available for evaluasting model

support tare and interference effects.

The tunnel primary balance is a six-component mechanical external yoke type.
The balance incorporates a pltch arm with + 450 pltch capability and a yaw
table which can provide + MSO of yaw. Capabllity also exists for conducting

tests with internal strain gage balance installations.

Removable wall inserts are available for 2-dimensional tests and a stationary

ground plane is available for investigating ground effects.

An IBM 1800 computer system serves as the facilities data acquisition and
reduction center. It is dedicated to the facility and provides on-line data
reductlon capubility. On-site plotting is also available on s Calcomp drum-

type plotter.

The facility can provide photographic, closed-circuit and play-back television

documentation. Manometers and scanivalves are avellable for pressure recording.



TEST CONDITIONS
TEST _GWIT 292

REYNOLDS NUMBER DYNAMIC PRESSURE STAGNATION TEMPEIRATURE
MACH NUMBER per unit length (pounds/sq. inch) (degrees Fahrenheit)
.17 1.6 x 10° .278 80 degrees
BALANCE UTILIZED: YOKE-TYPE LOW SPEED WIND TUNNEL
COEFFICIENT
CAPACITY: ACCURACY: TOLERANCE ;

NF + 4000 1b. to -2000 1b, * .5 1b. + .002

SF £ W 1bs., I . . ; . 001

AF % 500 Ibs. + .2 1D, + 0005

PM +. 1200 [ ot bs. : l ﬁ lE _i_‘ Fale

YM +. 1200 f‘t.-lbsc + L] [ i :mg

RM 13200 £ abs, -l Pt b, R Yy
COMMENTS :




DATA REDUCTION

All force data collected by the six component mechanicel balance were
reduced to standard NASA coefficient form along and about & system of
stabllity aexis. This axis system originated from & nominal c.g. located

at F.S. 1285, W.L. 403 and B.L. O.

The data were reduced with the following reference vaslues:

Sref = T.Th £t.°
3.78 ft.
5.40 ft.

il

bref

]

ﬁref
Corrections were applied to the data for effects due to tunnel flow align-
ment and model'support tare and interference. The values of these cor-

rections were determined from GWTT 290 which was run in April, 1971.

The data was corrected for tunnel wall effects by employing the following

equations:
Ae = 1.0k cp
2
Acp = .0182 ¢
Agy = .00055 cT_'2

The free stream dynamic pressure was corrected for model blockage by the
following equation:

U = 1:030 dpyprearmp
Transition was fixed with strips of pinked electricians tape, 1.5 inches
streamwlse aft of the fuselage nose and 0.75 inches aft of the lesding

edges of the wing and tall surfaces.

11



SUMMARY DATA PLOT INDEX

PLOTTED .
COEFFICIENTS CONDITIONS
TITLE SCHEDULE VARYING PAGES
Elevator Effectiveness A Elevon Deflection 1
Angle
Elevator Effectiveness B Elevon Deflection 2-3
Angle
Effect of Body C Configuration 4-6
Yaw Polar, Beta = .3. Degrees D Beta Angle T-12
Aileron Effectiveness in Pitch, D Aileron Deflection 13-18
Elevtr = O. Degrees Angle
Alleron Effectiveness in Pitch, D Aileron Deflection 19-24
Elevtr = -5. Degrees Angle
Aileron Effectiveness ‘in Pitch, D Aileron Deflection 25-30
Elevtr = -10. Degrees Angle
Speed Brake Effect in Pitch - Brakes C Speed Brake Deflec- 31-33
at -15., 15. and -30., 30. Degrees tion Angle
Rudder Effectiveness in Pitch - Speed D Rudder and Speed 34-39
Brakes at 15. and -15. Degrees Brake Deflection
. Angle
Rudder Effectiveness in Pitch - Speed D Rudder snd Speed Lo-45
Brakes at 30. and -30. Degrees Brake Deflection
Angle
. Rudder Effectiveness in Pitch - No Speed D Rudder Deflection L6-51
Brakes Angle
Effect of Verticsl Tail in Yaw E Configuretion 52-5k

12



SUMMARY DATA PLOT INDEX

( CONTINUED )
PLOTTED
COEFFICIENTS CONDITIONS

TITLE _ SCHEDULE VARYING PAGES
Effect of Speed Brakes in Yaw - Brakes F Speed Brake 55-60
at 15., -15. and 30., -30. Degrees Deflection Angle
Aileron Effectiveness in Yaw, F Aileron Deflection 61-66
Elevtr = 0. Degrees
Aileron Effectiveness in Yaw, F Aileron Deflection 67-T2
Elevtr = -5. Degrees - Angle
Aileron Effectiveness in Yaw, F Aileron Deflection 73-78
Elevtr = -10. Degrees Angle
Rudder Effectiveness in Yaw - Speed - F . Rudder Deflection 79-84
Brakes at 30. and -30. Degrees Angle
Rudder Effectiveness in Yaw - Speed F Rudder and Speed 85-90
Brakes st 15. and -15. Degrees Brake Deflection

Angle
Rudder Effectiveness in Yaw - No F Rudder Deflection 91-96

Speed Brakes

Angle

Note: Plotted Coefficients Schedule on following page.
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SUMMARY DATA PLOT INDEX
( CONTINUED )

PLOTTED COEFFICIENTS SCHEDULE:

SCHEDULE A

CL vs. a

SCHEDULE D

CL vs.
CD vs.
CIM vs.
CIN wvs.
CsL vs.
CY wvs.

RARK AR

SCHEDULE B

CL vs. CD
CL vs. CIM

SCHEDULE E
CIN vs. B

csL vs. B
cY wvs. B

1k

SCHEDULE C

CL vs. a
Ch vs., @
CIM vs, @

SCHEDULE F

CIN wvs.
CSL wvs.
CY vs.
CL vs.
CD vs.
CIM wvs.

DO HO®



FIGURES
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Notes:

1. Positive directions of force coefficients
moment coefficients, and angles are
indicated by arrows.

2. Por clarity, origins of wind and stability
axes nave been displaced from the center

of gravity.

Figure

1. Axis systems, showing direction and sense of force and
moment coefficients, angle of attack, and sideslip angle

16
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Figure 2. GRUMMAN ORBITER CONFIGURATION H-33
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Figure 3. Full-Scale Model of H-33 Orbiter Without External

Tenks
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H-33 Orbiter Vertical

Teil With Segmented Rudder (1/25 Scale)
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MODEL COMPONENT DESCRIPTION SHEETS
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MODEL COMPONENT: BODY - Bc

GENERAL DESCRIPTION: _ BASIC H-33 ORBITFR BODY

DRAWING NUMBER: 518 MOD 826

DIMENSIONS :

Length

Max. W{dth

Max. Depth

Fineness Ratio

Area
Max. Cross-Sectional
Planform
Wetted

Base

21

FULL-SCALE
2y

(ft. or ft.
135

25

_fzz,j___._
b2

(in. or in.

MODEL SCALE
2)

64.80
12.00

- 13.20

k.92

122.11

718.85
2383.49

106.21



MODEL COMPONENT: _WING - W,

GENERAL DESCRIPTION: _BASIC H-33 ORBITER WING

DRAWING NUMBER: = 518 MoD 827
DIMENSIONS: ' FULL-SCALE MODEL SCALE
TOTAL DATA ' (£t. or f‘t.g) (in. or in.2)'
A ant A8ko |
anform » 14
Wetted , 5940 ' 1 %g 8
Span (equivalent) 9L.5 } E'JEE"
Aspect Ratio : 1,3E§ 1,855
Rate of Taper '
Taper Ratio I8

Diehedral Angle, degrees %

—_—
Incidence Angle, degrees . 20@body-3%@tip 29@hody-30@ ti
Aerodynamic Twist, degrees . P

Toe-In Angle

Cant Angle — -

Sweep Back Angles, degrees . R "o' o
Leading Edge 55
Trailing Edge "'giﬁ_""'
0.25 Element Line ‘ﬂ?_°_ .32 ﬁl%* . 320

Chords: . ,
Root (Wing Sta. 0.0) 6 h1,7h
Tip, éequivalent) §§ EE “‘g‘%é"*'
MA » M2l ' 29.5 2 ]
Fus. Sta. of .25 MAC

W.P. of .25 MAC
Airfoil Section

T ' b/e=9, 3doambereg t/o=R5kanbered soct,

e 17

EXPOSED DATA

Area ggoo 668.16
Span, (equivalent) 2.2» 33 2
Aspect Ratio 1, 1
Taper Ratio \ 228 .28

Chords
Root

—220__
' 67.98
B i
2 2
Fus. Sta. of .25 MAC —
W.P. of .25 MAC I —

[



MODEL COMPONENT: ELEVON (FOR W), WING)

GENERAL DESCRIPTION: INDIVIDUAL MOVABLE CONTROL SURFACE ASSOCIATED WITH THE Wh WING

DRAWING NUMBER: 518 MOD 827
DIMENSIONS: FULL-SCALE MODEL SCALE
T | (ft. or ££.)  (in. or in.?)
Area _ o ol 46
Span (equivalent) | 34,75 16.68
Inb'd equivalent chord 13.6 6.53
Outﬁ‘d“equivalent chord. 10.0 4,80
Ratio movable surface chord/
total surface chord
At Inb'd equiv. chord
At Outb'd equiv. chord
Sweep Back Angles, degrees
Leading Edge o° o°
Tailing Edge _' -5° -0
Hingeline - S -

Area Momenf (Normal to hinge 1ine)

23



MODEL COMPONENT: £ VERTICAL TAIL - Vs

GENERAL DESCRIPTION:

BASIC H-33 ORBITER VERTICAL TAIL

DRAWING NUMBER: 518 MoD 825
DIMENSIONS :
Area

Span (equivalent)
Inb'd equivalent chord
Outb'd equivalent chord

Ratio Elevator chord/horizontal
tail chord ‘

At Inb'd equiv. chord
At Outb'd equiv. chord
Sweep Back Angles, degrees
| Leading Edge
Tailing Edge
Hingeline

Area Moment (Normal to hinge 1ine)

ASPECT RATIO

TAPER RATIO
MAC

AIRFOII, SECTION

o

" FULL-SCALE

MODEL SCALE

.351

L47°

(o]

21.85

-

’

1.33

.38
12,96

I
NACA 64AOLO  NACA 64a010




MODEL COMPONENT: RUDDER (FOR V. VERTICAL TAIL)

GENERAL DESCRIPTION: __ MOVARIE CONTROL SURFACE ASSOCIATED WITH THE Ve VERTICAL TAIL

Area Moment (Normal to hinge line)

l

DRAWING NUMBER: _ 518 MOD 825
DIMENSIONS : FULL-SCALE MODEL SCALE
(ft. or ££.2)  (in. or 1in.2)
Area 292 67.28
Span (equivalent) 34,75 16,68
Inb'd equivalent chord | 12.76 6.12
Outb'd gquivalent chord 4,90 2.36.
JRatio movab1é surface chord/
total surface chord - -
At Inb'd equiv. chord a :
At Outb'd equiv. chord
Sweep Back Angles, degrees j
Leading Edge 32 320
Tailing Edge 21.85° 21.85°
Hingeline 32 32°

|



SYMBOL

SADSAC
SYMBOL

ALPHA

PSI

QgPSIg
Q(PsF
MACH

RN/L

NOMENCLATURE

(General)

DEFINITION

engle of attack, angle between the projection
of the wind X -axis on the body X, Z-plane and
the body X-axis; degrees

sideslip engle, angle between the wind X,-axis
and the projection of this axis on the body
X-Z-plene; degrees ‘

yevw angle, angle of rotastion about the body
Z-axis, positive when the positive X-axis is
rotated toward the positive Y-axis; degrees

roll engle, angle of rotetion sbout the body
X-axis, positive when the positive Y-axis is

- rotated toward the positive Z-axis; degrees

air density; Kg/m3, slugs/£t3
speed of sound; m/sec, ft/sec

8peed of vehicle relative to surrounding
atmosphere; m/sec, f£t/sec

dynamic pressure; 1/29V? psi, psf

Mech number; V/a

Reynolds number per unit lengthé million/ft
static pressure; psi -

total pressure; psi

pressure coefficlent; (p-pw)/a

26



SYMBOL

n o

ol

lref
bref
Ap

C. 8o
MRP

NOMENCLATURE ( Continued)

Reference & C. G. Definitions

SADSAC
SYMBOL

SREF

MRP

IMRP

DEFINITION

wing ares; m2, ft2

reference ares; m?, ££2

wing mean aerodynamic chord or reference
chord; m, ft, in (see lref or LREF)

reference length; m, ft, in.; (see &)
wing span or reference span; m, ft, in

base area; m?, fta, in2

center of gravity
abbreviation for moment reference point

abbreviation for moment reference point
on X-axls

abbreviation for moment reference point
on Y-axis

abbreviestion for moment reference point
on Z-sxis

27



" NOMENCLATURE (Continued )

Axlis System General

SYMBOL | y DEFINITIdN'
F | : . force; F, lbs
L moment; M, in-1b
Subseript’ Definition
| N normal force
A axial fofce
L 1ift force
D drag force
Y force or moment about the Y axis
zZ moment about the Z axis
X moment ebout the X axds
8 stabllity axis system
w 4 . wind axis system
ref ‘ ~ reference conditions
0 - free stréam conditions
t © total conditions

b _ v base

28



SYMBOL

2

%

SADSAC
SYMBOL

CAB

CiM

CBL

29

NOMENCLATURE (Continued )

Body Axis System

DEFINITION

normel force coefficient; Fy/q8S
axlel force coefficient; Fa/qS

base aTTal force coefficient;
(

[-l] Po - pm)/q] (Ap/S)

forebody axial force coefficient; Cp- CAb
pitching moment coefficient; My/aS F..p
side force coefficient; Fy/qs

yeving moment coefficlent; M,/aS b..e

rolling moment coefficient,’Mk/qS Dpep



SYMBOL

L/D,

SADSAC
SYMBOL

CL

CDB

CIM

CIN

CSL

L/D
L/DF

NOMENCLATURE (Continued )
Stability Axis System

DEFINITION

1ift force coefficient; Fy/qS

drag force coefficient; Fp/qs

base drag coefficient

forebody drag coefficient; Cp - CDb
pitching moment coefficlent; My o/aS [ qp
side force coefficient; Fy/aS

yaving moment coefficient; Mz, s/as Bref
rolling moment coefficient; My o/aS brep

lift-to-drag retio; Cr/Cp

14£% to forebody drag ratio; Cp/Cp.,

.36
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SYMBOL

SURFACE

SUBSCRIPTS

SADSAC
SYMBOL

HORIZT

AILRON

CANARD
ELEVON

FLAP
RUDDER
SPOILR
TAB

ATL-L
ATL-R
ELVN-L
ELVN-R
SPLR-L
SPLR-R

NOMENCLATURE ( Continued )

Surface Definitions

DEFINITION

horizontal teil incidence; positive when
tralling edge down; degrees

symmetrical surface deflection angle; degrees;
positive deflections are:

alleron - total asileron deflection;
(left alleron - right aileron)/2
canard - trelling edge down
elevon - treiling edge down

elevator - trailing edge down

flap -~ trailing edge down

rudder - trailing edge to the left
spoiler - trelling edge down

tab - trailing edge down with respect

to

control surface

antisymmetrical surface deflection angle, degrees;
positive treiling edge down:

left aileron -
right aileron
left elevon
right elevon
left spoller
right spoiler

DEFINITION

aileron

base

canard

elevator or elevon
flap

rudder or ruddervator
spoiler

teil

31

trailing edge down
trailing edge down
tralling edge down
trailling edge down
treiling edge down
trailing edge down



NON-STANDARD NCMENCLATURE

SADSAC

SYMBOL SYMBOL DEFINITION

6EL LELEVN Left wing elevon deflection angle,
positive is trailing edge down,
in degrees. ‘

6ﬁR RELEVN Right wing elevon deflection -engle,
positive is trailing edge down, 1n
degrees.

Ogp TRUDDR Top portion of segmented rudder,

- positive is trailing edge left, in

degrees. : '

Or1L, LLRUDD Left (pilot's view) part of split
lower rudder segment in the V-shaped,
speed brake configurstion. Positive
1s treiling edge left, in degrees.

OrIR LRRUDD Right (pilot's view) part of split

lower rudder segment in the V-shaped
speed braeke configurstion. Positive
is trailing edge left, in degrees.

Wy Superscripts x and y indicate the deflectlions of the left
and right elevons, respectively, where positive deflections
are T.E. down.

V5 The rudder is segmented into upper and lower panels. The

lower panel splits open eglong its chord line to become &
V-shaped speed brske,

Superscripts: 1) & single superscript indicates the de-
flection of the entire full span rudder. 2) three super-
scripts, x, y, z, denotes the segmented rudder with speed
brekes flared. x denotes upper segment deflection, y the
left helf of the lower segment, and z the right half of the
lower segment.,

For any of these surfaces, positive deflection is T.E. left.

H

2



TABULATED DATA LISTING

A tabulsted deta listing, consisting of ell asero datas sets, both original
and those created in arriving at the plotted meterial to be presented subse-

quently, 1s svallable as an sddendum to this report. The tabular listing is
made up in two sections:

(a) & brief summery list of ell data sets conteining the ldentifier,
the descriptor, and the resident dependent varilsbles.

(b) & full 1list of all data sets containing all resident or

selected aserodynamic coefficilents of the data sets as well as
the sbove mentioned information.

The listing 1s currently sent on limited distribution to the following orgen-
izations:

NASA AMES Mr. V. Stevens
GAC Mr. M. Quan

If copies of this listing are desired, please contact the above or the cog-
nlzant SADSAC personnel who, for this data, is:

Mr. J. R. Zller
Department 2780

Chrysler Corporation Space Division
New Orleans, Le. 70129

(504) 255-230k

R 33 -+



PLOTTED ~ DATA
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FIG, 1 ELEVATOR EFFECTIVENESS
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ANGLE OF ATTACK. ALPHA., DEGREES
DATA SET SYMBOL  CONFIGURATICN DESCRIPTICN LELEVN RELEVN BETA REFERENCE INFORMATION
(RD1002) GWTT 292 CONF.H-33 CRBITER B5Wavs 0.000 0.000 0,000 SREF 7.7440 8@ FT
(RD1006) CWTT 292 CONF.H-33 CRBITER B5Wa(-5,-5)VS -s.000 -5.,000 0.000 LREF 5.4000 FT.
(RD1007) CWTT 292 CONF.H-33 CRBITER B35Wa (-10,-10)V3 -10.000 ~-10.000  0.000 BREF s.7e00  FT.
(RO1008) GWTT 292 CONF.H-33 CRBITER B3Wa (-13,-15)V5 -15.000 -15.000 0.000 XMRP  1285.0040  IN.
(RD1034) CWIT 292 CONF.H-33 CRBITER BSWa (-25,-25)V5 -25.000 -25.000 YMRP 0.0000 IN.
(a01099) [) CWTT 292 CONF.H-33 CRBITER B5W< (-35,-35)V3 ~35.000 -35.,000 0,000 ZMRP 403.0004  IN.
WACH 0.170 8CALE 0.0400
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DRAG COEFFICIENT. CD
DATA SET SYMBOL CONFIGURATICN DESCRIPTION LELEVN RELEVN BETA REFERENCE INFORMATION
(RO1002) CWTT 292 CONF.H-33 CRBITER BSW4vSs 0.000 0.000 0.000 SREF 7.7440 8@ FT
(RC1006) CWTT 292 CONF.H-33 CRBITER BSwa (-5,-5)V3 -5,000 ~-5.000 0.000 LREF s.4000 FT,
(RD1D07) GWTT 292 CONF.H-33 CRBITER BSw4 (-10,~10)VS -10.000 ~-10,000 ~ ©.000 BREF s.7800  FT.
(RD1008 ) CWTIT 292 CONF.H-33 CRBITER B5wW4 (-15,-18)VS -15,000 ~15.000 0.000 XMRP 1285.0040  IN.
(RO1034) GWIT 292 CONF.H-33 CRBITER BSwWé (-25,-~25)VS -25.000 -25.000 YMRP . 0.0000 IN,
(RC10u9) [} CWTT 292 CONF.H-33 CRBITER BSW4 (-35,-35)VS -35.000 -35.000 0.000 ZMRP 4p3.0004  IN.
SCALE 0.0400
MACH 0.170
PAGE .2
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PITCHING MOMENT COEFFICIENT, CLM
DATA SET SYMBOL CONFIGURATION CESCRIPTICON LELEVN RELEVN BETA REFERENCE INFORMATION
(RD1002) CWTIT 292 CONF .H-33 CRBITER B5w4vVSs 0.000 0.000 0.000 SREF 7.7440 SQ FT
(RD100S) CWTT 292 CONF .H-33 ORBITER B5W4(~3,-5)VS 75'.000 -5,000 0.000 LREF 3.4000 - FT.
{RC1007) GWTT 292 CONF .H-33 ORBITER BS5W4 (-10,-10)VS -10.000 -10.000 0.000 BREF 3.7800 FT.
{RC1008) CWTT 292 CONF.H-33 CRBITER B5wa(-15,-15)VS -15,.000 ~-15.000 0.000 XMRP 1283 .0040 IN,
(RD1054) CWTT 292 CONF.H-33 CRBITER B5wW4 (-25,-25)VS3 -25.000 -25.000 YMRP 0.0000 IN.
(RO10VD9) D CWTT 292 CONF .H-33 CRBITER B5W4 (-35,~-35)VS -~-35.000 -~35.000 0.000 ZMRP 403.0004 IN.
MACH 0.170 SCALE 0.0400
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SYMBOL CONFIGURATICN DESCRIPTICN LELEVN RELEVN BETA REFERENCE INFORMATION
2 GWTT 292 CONF .H~-33 CRBITER B5W4Vs 0.000 0.000 0.000 SREF 7.7440 saq FT
GWTT 292 CONF.H-33 CRBITER B35 0.000 LREF 3.4000 FT.
BREF 3.7800 FT.
XMRP 1283 .0040 IN.
YMRP 0.0000 IN.
ZMRP 403,0004 IN.
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MACH 0.170 SCALE 0.0400
PAGE 4

il



i}

FIG

.80

co
8

DRAG COEFFICIENT,

. 2 EFFECT OF BODY

‘TY?'D ) Zn e g 4 T Tt ™7=r—r ™7 T T 7Ty LN S s
o

DATA SET SYMBOL

(RD1002)
{RD1023)

/
4
g
4
4
/ .
.
/ -
.
,
- ]
-
.
e &
/a/ /.A'/ -
e - _Ja—
o) Q_——-—-—e'/ | "] .
L™ § : __,.——-—-"-A""-—‘ -1
p
A 4 y A i A 'S 'S i A AL A4 4 A i i 'l i 'S A 4 A i i A s 4 i
-2 [} 2 4 [ ] [ 10 12 14 16 18 20 22 24 26
ANGLE OF ATTACK. ALPHA., DEGREES
CONFIGURATICN DESCRIPTICN LELEVN RELEVN BETA REFERENCE [INFORMATION
R GWTT 292 CONF.H-33 CRBITER B5w4av5 G.000 g.o000 0.000 SREF 7.7440 sQ FT
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XMRP 1285,0040 IN.
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ZMRP 403.0004 IN.
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E} GWTT 292 CONF.H-33 CRBITER BSwWavs 0.000 0.000 0.000 SREF 7.7440 8@ FT
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8 CWTT 292 CCNF .H~33 CRBITER BSwW4vSs 0.000 0.000 0.000 SREF ’ ?.7440 8Q FT
CWTT 292 CONF .H~-33 CRBITER BSw4V$s 0.000 0.000 3.000 LREF 3.4000 FT.
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FIG

:[% YAW POLAR, BETA=3. DEG.

¥ 7T L] L LA J LA I § ¥ L L] LA B LI J T LI i
L 4
o -
b -
| P
.45
= 4
' /
.40 /
L y
.38
- -
o .30
(&) % ~
- - T
— -1
P4 - -
w .25 A
-— - -4
U -
— 4
[ o -
m - )
) .20
O s / i
(&) [ -
B 2 .
o o 4
o .15 4
[ / i
o -~
-10 r/
[ o ]
2 E
f / b
F & -
.08 M
e 4
4
.w S A A A A 4. 4 A A 1 A r'| i ) - N L A i L A ' S Nl L 4 'y L A i 4 i A A A 4 4 i r's i 4
- e -2 o 2 4 e ] 10 12 14 16 18 20 22 24 ze
ANGLE OF ATTACK., ALPHA. DEGREES
DATA SET SYMBOL  CONFIGURATION CESCRIPTION LELEVN RELEVN BETA REFERENCE INFORMATION
(RC1002) g GWTT 292 CONF.H-33 CRBITER B5wAvS 0.000 0.000  0.000 SREF 7.7440 Sa FT
(RO1004) GWTIT 292 CONF.H-33 CRBITER B5WAVS 0.000 0.000 3.000 LREF 5.4000 FT.
BREF 3.7800 FT.
XMRP  .1285.0040 IN.
YMRP 0.0000 IN.
IMRP 403.0004  IN.
MACH 0.170 SCALE 0.0400
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FIG, 3 YAW POLAR, BETA3. DEG. ‘
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DATA SET SYMBOL CG‘FIGURAf!CN CESCRIPTICN LELEVN RELEVN BETA REFERENCE INFORMATION
(RD10OD2) g CWTT 292 CONF .H-33 CRBITER BS5w4vs . 0.000 0.000 0.000 SREF T.7440 8Q FT
(RD1004) GWTT 292 CONF .H-33 CRBITER B5w4Vv3 0.000 0.000 3.000 LREF - 5.4000 FT.
. - ) BREF . 3.7800 FT.
XMRP 1285 .,0040 IN.
YMRP o.0000 IN.
ZMRP 403 .0004 IN.
SCALE 0.0400
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FIG, 3 YAW POLAR, BETA=3. DEG._
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OATA SET SYMBA.  CONFIGURATICON DESCRIPTICN LELEVN RELEVN BETA REFERENCE INFORMATION
(RC1002) R GWTT 292 CONF .H~33 CRBITER B5wW4V$s a.000 0.000 0.000 SREF 7.7440 sa Fv
(RC1004) GWTT 292 CONF.H~33 CRBITER B35W4VS ‘0,000 0.000 3.000 LREF S.4000 FT.
BREF 3.7800 FT.
XMRP 1285.0040 IN.
YMRP 0.0000 IN.
IMRP 403.0004 IN.
HACH 0.170 ' SCALE 0.0400
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F1G, 3 YAW POLAR, BETA=3. DEG.
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CATA SET SYMBOL  CONFIGURATICN DESCRIPTION LELEVN RELEVN BETA REFERENCE INFORMATION
(RC1002) g GWTT 292 CONF.H-33 CRBITER B5wW4Vv5 ’ 0.000 0.000 0.000 SREF 7.7440 3Q FT
(RD1004) GWTIT 292 CONF.H-33 CRBITER B5wW4VSs 0.000 0.000 3.000 LREF s.4000 FT.
R : BREF 33,7800 FT.
XMRP 1285.0040  IN.
YMRP 0.0000  IN.
ZMRP 403.0004 IN.
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FIG: 3 YAW POLAR, BETA=3. DEG.
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CATA SET SYMBOL  CONFIGURATICN CESCRIPTION LELEVN RELEVN BETA REFERENCE INFORMATION
¢RD1002) GWTT 292 CONF.H~-33 CRBITER B5WavVS . 0.000 0,000 0.000 SREF 7.7440 8Q FT
(RD1004¢) A GWTT 292 CONF.H~-33 ORBITER BSwav$ 0.000 0.000 3.000 LREF ~ $.4000 - FT.
BREF 3.7800 FT.
XMRP 1285 .0040 IN,
YMRP 0.0000 IN.
ZMRP 403 .0004 IN.
MACH 0.170 8CALE 0.0400
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6. 4 AILERON EFFECTIVENESS IN PITCH, ELEVIR=0. DEG.
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FIG, 4 AILERON EFFECTIVENESS IN PITCH, ELEVIR=0. DEG.

LS L LS SR J LI T ¥ T ¥ ¥ T LA .‘
L <
L J
-03% B
L <
L -4
- -S
04
S 4
b -4
b -
L 4
.03 ]
- -
x d -
-4 .02
(&) 2 B
- -
- o -
z - )
.01
- - ]
(8] r -
-— o -
u - 4
u .00
wJ s <
D o -
o L p
— i .
z -0 A A AT 5 —A
L = 3 o o ]
3 3 L™ § L™ § -z —ad o E
e [ e T8 1
= o -
-.02
(O] ! % 4
Z - \ -
T - \s\\a\ :
&—J -.03 \f\;\\ ]
= " ~a T 2]
L 0
- .
ol -
- .04
L 4
L <
o -
-.05
- -
> -
- “ A A N i 'l A i r's ry A - - i i Fy A IS ) - L IS A - Y bcd L 'l A L 'S 1 A L A 'l 4 A A 4 A e 7
e s -2 o 2 4 e [} 10 12 - 14 16 10 20 22 24 26
ANGLE OF ATTACK., ALPHA., DEGREES
DATA SET SYMBOL  CONFIGURATICN DESCRIFPTION LELEVN RELEVN BETA REFERENCE INFORMATION
(RD1002) 8 GWTT 292 CONF.H-33 CRBITER B5wW4VS$ 0.000 0.000 0.000 SREF 7.7440 8@ FT
(RD1010) GWTT 292 CONF.H-33 CRBITER B5W4 (+5,-3)VS5 s.000 ~5,000 0.000 LREF 5.4000 FT.
BREF 3.7800 FT.
XMRP 1285 .0040 IN.
YMRP 0.0000 IN.
ZMRP 403.0004 IN.
MACH 0.170 SCALE 0.0400
PAGE 15

it



it}

.08
~ <04
wn
—
>
<
> .03
r—

—
-4
-
m .02
<
.—
wn
s
zZ .01
J
Q
= .00
Z
L)
—
(&)
L -.01
'
)
(=]
Q
— -.02
Z
w
X
o
s -.03
(4}
Z
—
=
< -.04
>
-.03
-.og
DATA SET
({RC1002)
{RC1019)

FI1G. 4 AILERON EFF

ECTIVENESS IN PITCH, ELEVIR=0. DEG

L) .
¥ 177 L2 LA 2 LA I | LR LS LANR ML L y 7 1 L L S B §
o -
o -4
- -t
L 4
S 4
0 -1
- -
- o
L o
o -
- -t
- -4
e -
L .
- -l
BL_*.A\%_{ D A o- ]
O B—]0 o OBt T
L=
L \\ ///> . -
> -
o -
- -y
- -
L o
S p
S -
b_ -
o -t
r -
b -
L p
. J
o -
L .
> -
L p
b . -4
o -
- -
) T Y y A AL ) ' i 4 4 Y b b A A Fi LA b b A A Ao d A F | - ' L 2 A i A 4 A L
. -2 o 2 4 ] [} 10 12 14 16 18 20 22 24 26
ANGLE OF ATTACK. ALPHA, DEGREES
SYMBOL  CONFIGURATICN DESCRIPTICN LELEVN RELEVN BETA REFERENCE INFCRMATION
g GWTT 292 CONF.H-33 ORBITER B5wW4V3s 0.000 0.000 0.000 SREF 7.7440 SQ FT
GWYT 292 CONF.H-33 CRBITER BSW4 (+5,~5)VS 5.000 -5,000 0.000 LREF S5.4000 FT.
’ BREF 3.7600 FT.
XMRP 1285.0040  IN.
YMRP 0.0000  IN.
ZMRP 403.0004 IN.
MaCH 0.170 SCALE 0.0400
PAGE 16

it



F16. 4 AILERON EFFECTIVENESS IN PITCH, ELEVIR=0. DEG.

07 T 177 17 T T T 1 7 T T T T LI A LA B T 57T ]
-y
-
.08 -
p
~ .08
m -
— r
> -
< .
> +04 R
’— -
—
~ Z
—
m .03
- -
— -
w p
~ p
| .02
@ ) )
O p
\\\Lu//J&_~‘*L—//Aﬁ‘

(
N

;
R

i1 11

ROLLING MOMENT COEFFICIENT,

-.02
y
4
-.03
-
-.04
-05 . A4 L Al 4 i N 3 ) i . bl A i - N . bl d i i N . I . . i S | lAl-
t- e -2 -] 2 4 ) [ 10 12 14 16 18 20 22 24 g6
ANGLE OF ATTACK. ALPHA., DEGREES
DATA SET SYMBOL  CONFIGURATION DESCRIPTICN LELEVN RELEVN BETA REFERENCE INFORMATION
(RD1002) g CWTT 292 CONF.H-33 CRBITER B5wW4V5s 0.000 0.000 0.000 SREF 7.7440 SQ FT
(RC1010) CWTT 292 CONF.H-33 CRBITER BSwW4 (+5,-5)VS 5.000 -5.000 0.000 LREF $.4000 FT.
. BREF 3,.7800 FT.
XMRP 1283.0040 IN.
YMRP 0.0000 IN.
ZMRP 403,0004 IN.
MACH 0.170 SCALE 0.0400
PAGE 17

. o | Cm



CYy

LATERAL FORCE COEFFICIENT,

FI6

-10

.08

~-.40

~.15

BATA 8ET

(RD1002).
(RD1010)

4 A;L_EBON EFFECT

IVENESS IN PI

™rrY

—r-ret

Trvrr

A
T

>

3
>
B

P

T

™

T T

rrr

rev

LG 2

—rrr

~rrr

ANGLE OF ATTACK,

CONFIGURATION DESCRIPTICN

CWTT 202 CONF.H-33 CRBITER BSwavs
GWTT 292 CONF.HM-33 CRBITER BSwW4 (+5,-35)V5

1 LR LS LR LIS
]
]
]
]
]
]
]
]
.
]
]
]
]
h
]
]
]
]
]
]
]
o —~—a ]
"d _,_,——-ﬁl
A ]
,_..A/ b
y
]
]
]
]
]
]
]
]
]
]
]
]
y
]
]
]
]
]
]
]
A At 4 A A __A U .
26

REFERENCE INFORMATION

SREF 7.7440
LREF 5 .4000
BREF . 3.7800
XMRP 1285.0040
YMRP 0.0000
IZMRP 403.0004
SCALE 0.0400
PAGE

s8Q FT
FT.
FT.
IN.
IN.
IN.

18

il



FI

1.1

0.8
-
(&)
R 0.4
—
P-4
w 0.3
>—
(&)
—
w o.2
T8
&
O 0.1
-
W 0.0
—
—
-0.1
-0.2
-0.3
-0.4
-0.5
-o.¢
CATA SET
(RD1006)
(RD1013)
(RD3011)

6. 5 AILERON EFFECTIVENESS IN PITCH, ELEVIR=-5. DEG.

[ T T T LA I § T T Lt S 3 T T LIt e | T Y T T 7 rrh
r ]
[ p
[ -
- -
- -
- p
L -
’ —4 ]
3 -
L -
C ;
4 3
b
[ -
L -
< e
L -
- -
a1 3
: P 3
1 ]
s . 3
F ’;]Qr"‘ p
- / n
s 3
b -
[ -
4 E
S .
o o
o 7 ]
o { -3
- -y
. -
- -
o A -
r -4
< p
9 P
L -
- -
4 e
V -
p
-
e
o 4
r -
> -
» -
r .
- p
b -
o -
3 e
> -
4 -
9 -
e e
. -
rp -
! - . i 4 oA - | b L bd r'y i 4 A i A v 'l A 4 I Al 1 il I 4 4 A 'S - ‘L-
4 -2 o 2 4 [ ] [ 10 12 14 16 18 20 a8 24 E {J
ANGLE OF ATTACK., ALPHA, DEGREES
SYMBOL CONFIGURATION DESCRIPTICON LELEVN RELEVN BETA REFERENCE INFORMATION
g CWTT 292 CONF .H-33 ORBITER BS5w4 (~5,-5)VS ~-35.000 -5.000 0.000 SREF 7.7440 sa FT
CWTT 202 CCONF .H-33 ORBITER BSw4 (0,-10)VS 0.000 =~10,000 0.000 LREF 3.4000 FT.
o CWTT 292 CONF.H-33 CRBITER BS5w4 (+5,-15)Vs 3.000 -135.000 0.000 BREF 3.7800 FT.
' XMRP 1285.0040  IN.
YMRP 0.0000 IN.
ZMRP 403.0004 IN.
MACH o.170 SCALE 0.0400
PAGE 19

i



]

.80

.48
.40
.35

o -

(&}

.—

4

L .25

—

(8)

—

L.

L

)

=] .20

&)

(L)

<

[+ 4

a +15
.10
.08
-0

DATA 8ET

(RD1io06)

(RD$O13)

(RC1011)

FIG. 5 ATLERON EFFECTIVENESS IN PITCH, ELEVIR=-3. DEG.

T T v T LA LIS

A

'

-
- -
- -y
p~ / -
- -
L 4
7
- -
L J
P
V
| = ]
| -= ]
J
Vo - A
b -
>
A A rl A A A 4 4. i AL ' 'y A L ' 'y A Al Il L '3 F'! 'y A r'y 'y A ) 3 y U . i i ' 4 A 4 L i i e A
. -2 o 2 P . P 10 12 14 16 18 20 22 24 26
ANGLE OF ATTACK. ALPHA., DEGREES
SYMBOL  CONFIGURATICN DESCRIPTICN LELEVN RELEVN BETA REFERENCE INFORMATION
8 GWTT 292 CONF.H-33 CRBITER BSW4 (-5,~5) VS5 -5.000 '-5.000 0.000 SREF T.7440 Sa FT
GWTT 292 CONF.M-33 CRABITER B3Sw4a (0,-10)VS 0.000 =10.000 0.000 LREF 5.4000 FT.
o GWTT 292 CONF .H-33 CRBITER B3W4 (¢5,-15)VS 3.000 -15%5,000 0.000 BREF 3.7800 FT.
. XMRP 12865.0040 IN.
YMRP 0.0000 IN.
IMRP 403 .0004 IN.
SCALE 0.0400
MACH 0.170
PAGE 20

il



i)

.08
.04
.03

p-

P .02

(&)

-

—_

5 .01

—

(&)

—

[T

L .00

[9Y]

5]

o

—

z -.01

[¥]

p

(@)

x

® ~-.02

4

»—

I

(&)

— -.03

o
-.04
~-.08
-.08

DATA SET

({RD10086)

(RO1D13)

{RD31013)

FI6, 5 ALLERON EFFECTIVENESS IN PITCH,

ELEVIR=-5. DE

G'l

-

L) L L L) 1§ 1 L} ¥ LA T T LJ T T ¥ ¥ B
- :
_ ]
- ;
- -y
- ;
- ;
9 4
g :
- )
L ~~— O
L -
r :
- .
L N -
o " -l
o -
i SV
! 1
- -
- R
-3 -
- -
- )
- )
- ]
- .
g .
. )
- -
- -
9 .
- o
i AL J W . W A A A A 4 L Iy L A N N ¢ A y A L A 4 4 e L L A A Ll L i 1 L L i 4 4 A
4 -2 [« ] 2 4 e [ ] 10 12 14 18 18 20 22 24 26
ANGLE OF ATTACK. ALPHA. DEGREES
SYMBOL CONFIGURATICN DESCRIPTICN LELEVN RELEVN BETA REFERENCE INFORMATION
g CWTT 292 CCONF .H-33 CRBITER B5W4 (-5,~-5)VS -53,.000 -5,000 . 0.000 SREF 7.7440 3Q FT
CWTT 292 CONF .H-33 CRBITER B85wW4 (0,-10)VS 0.000 ~10.000 0.000 LREF 5.4000 FT.
o GWTT 292 CONF .H-33 ORBITER BSwW4a (+5,~15)VS 5.000 -=-1%5.000 0.000 BREF 3.7800 FT.
XMRP 1283 .0040 IN.
YMRP 0.0000 IN.
IMRP 403 ,0004 IN,
.04
MACH ! 0.370 . scaLe 9.c0400
PAGE 21

i



F16. 5 AILERON EFFECTIVENESS IN PITCH. ELEVIR=-5. DEG.
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FIG. B ATLERON EFFECTIVENESS IN PITCH, ELEVIR=-5. DEG.
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FIG, 6 AILERON EFFECTIVENESS IN PITCH, ELEVIR=-10. DEG.
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FIG'. L AILERUN !EI'-'FE‘C'TI,VENESS IN PITCH, ELEVTR=—10°. BEG.
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FIG, 7 SPEED BRAKE EFFECT IN PITCH- BRAKES AT -15.,15. AND -30,,30, DEG.
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FIG. 7 Sl"E'E'D'BR'A[(E 'E’FEECTT'IN PITCH- BRAKES AT -15..15. AND -30.,30. DEG.
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FIG:lZ SPEED BRAKE EFFECT IN PITCH- BRAKES AT -15..15. ANDI—QO::30:.QEG.
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FIG, 8 RUDDER EFFECTIVENESS IN PITCH- SPEED BRAKES AT 15. AND -15. DEG.
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FIG. 8 RUDOER JEFFECTIVENESS IN’P’IT(;H'—,SPE.EQ BRAKES AT 19. AND -15. DEG.
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FIG, 8 RUDDER EFFECTIVENESS IN PITCH- SPEED BRAKES AT 15. AND -15. DEG.
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FIG. 8 RUDDER EFFECTIVENESS I
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f.IG.' 3 RUDDE? EFFECTIVENESS IN PITCH- SPEED BRAKES AT 30. AND -30. DEG.
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FIG:'Q RUDDER EFFECTIVENESS IN PITCH- SPEED BRAKES
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F16. 9 RUDDER EFFECTIVENESS IN PITCH- SPEED BRAKES AT 30. AND -30. DEG.
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FI6. 9 RUDDER EFFECTIVENESS IN PITCH- SPEED BRAKES AT 30. AND -30. DEG.
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FIG: 10 RUDDER EFFECTIVENESS IN PITCH- NO SPEED BRAKES
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F16. 11 EFFECT OF VERTICAL TAIL IN YAW
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FIG. 11 EFFECT OF VERTICAL TAIL IN YAY
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FIG. 12 EFFECT OF SPEED BRAKES IN YAW- BRAKES AT 15..—15 AND 30..-30. DEG.
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NACH 0.170 SCALE 0.0400
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FIG.
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FIG. 13 AILERON EFFECTIVENESS IN YAV, ELEVTR='0.'[']E'G.
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FIG.'I’B AILERON EFFECTIVENESS IN YAW., ELEVIR=0. DEG.
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FIG. 13 AILERON EFFECTIVENESS IN YAW, ELEVTR=0, DEG.
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FIG. 14 AILERON EFFECTIVENESS IN YAW, ELEVIR=-5. DEG
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FIG. 14 AILERON EFFECTIVENESS IN YAY, ELEVTR=-5. DEG.
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FIG. 16 RUDDER EFFECTIVENESS IN YAW- SPEED BRAKES AT 30. AND -30. DEG.
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FIG'.'117 RUDDER EFFECTIVENESS IN YAW- SPEED BRAKES AT 15. AND -15. DEG.
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F16. 17 RUDDER EFFECTIVENESS IN YAW- SPEED BRAKES AT 15. AND -15. DEG.
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FIG. 17 RUDDER EFFECTIVENESS IN YMI- SPEED BRAKES 'AT' 19. AND -15. DEG.
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‘-F.IG..' 17 'Rp[']DE'R’ EFF'E'C‘TIV,EN'ESS N YAW- SPEED BRAKES AT 15. AND -15. DEG.
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FIG'..1'7 RUDDER EFFECTIVENESS IN YAW- SPEED BRAKES AT 15. AND -15. DEG.
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[1G: 18 RUDDER EFFECTIVENESS IN YAW- NO SPEED BRAKES
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FIG

18 RUDDER EFFECTIVENESS IN YAK-

NO_SPEED BRAKES
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FIG 18 RUDDER EFFECTIVENESS IN YAW- NO SPEED BRAKES

L & L] L T T 7T LANE 23R ) LANLENR § LELEE TV LA B L B | LA T L r T LA § LANE 2 3 L A | "
: -t
[ \\\\ -
A
.23
E'\\ 4
f G\\\\ .
.20 S,
g 4
b -
b -
b -
-13 \\
[ AN 4
r \ \ p
> L 4
(@] 3 \\\ \\\e\ -5
.10 N
- - t‘\ =] .
z C y
LJ k. \A -
G -os |
A
: [ \ 4
Sl ]
0 «00
(&) [ 4
- -
8 S ]
x -.05
(] i ]
u. " <
- P T
- —.10
oxr g .
w g 4
— - 1
< o R
- -.18
b -
L 4
L 4
3 .
-.20
o -
F -
-.29
o -
4 -
L -
--30 [ ‘\\ 4
4 -
- §g B
- ’5 C A A A .j A i A i y - A 4 . N 4 i '] A A 4 A 4 A L A A . IS i A i A A i A L ¥R | i i i
‘Tl ~14 -12 -8 -6 -4 -2 o 2 4 ] 10 12 14 1e

DATA SET SYMBOL

(RO1027)
(RD31040)
{RD31D41)

i}

CONFICURATICN DESCRIPTION

-10

SIDE SLIP ANGLE. BETA. DEGREES

RUDDER  ALPHA
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MACH o.170

REFERENCE INFORMATION
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LREF
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F15: 18 RUDDER EFFECTIVENESS IN YAV- NO 5P

EED BRAKES
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..EIG.'. 18 RUDDER EFFECTIVENESS IN YAK- NO SPEED BRAKES
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FIG

. 18 RUDDER EFFECTIVENESS IN YAH- NO SPE

ED BRAKES
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